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Winter Water Quality of the Big Mountain Ski Area, Whitefish, Montana 
A study was conducted on two tributaries o£ Haskill Creek in North­
western Montana between September, 1973 and May, 1974 to determine the 
effects of a ski area on the water quality of a high mountain watershed 
used as a catchment basin for municipal water supply. The First Creek 
drainage contained the Big Mountain ski area with its subsequent develop­
ment, and the Second Creek drainage contained virtually no development. 
Parameters including stream temperature, conductivity, total alkalinity, 
total hardness, pH, turbidity, total phosphate, ortho-phosphate, nitrate, 
nitrite, ammonia, sulfate, sodium, and potassium were monitored through 
the winter months when recreation was extreme and stream flow was most 
consistent. Analysis of the data revealed the expected low values in 
both drainages and showed one possible conflict with Federal and state 
water quality criteria, that being in total phosphate. Water quality 
degradation was noted on First Creek directly below the ski area, 
though recovery of the water purity was complete 1.75 miles downstream 
at the municipal water intake. Future expansion (2.5 X) of growth in 
the ski area could result in degrading effects on water quality at the 
city water supply intake. 
(87 pp.) 
Director: Clarence C. Gordon 
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Chapter I 
INTRODUCTION 
Since 1919, Haskill Creek Basin, located five miles 
north o£ Whitefish, Montana, has provided a source of muni 
cipal water for that town (DHES). Although the upper reaches 
of Haskill Basin are Forest Service land, private ownership 
of land in the lower elevations has resulted in the develop­
ment of the Big Mountain ski area. Since 1947, the year of 
the ski area's incorporation, human activity within the 
confines of Haskill Creek has steadily increased. The simul 
taneous expansion of both the ski area and the town of White-
fish has developed into an interesting situation. A city's 
municipal catchment area, most commonly under Federal or state 
control (Teller), has been privately developed to produce an 
unusual and seemingly incompatible combination of uses. At 
the upper end of the drainage is a high intensity recreation 
area and its subsequent development. Below this ski area is 
located an intake for the municipal water supply of Whitefish. 
Local expression regarding this conflict in uses has 
often been noted as public record. The most recent conflict 
reported to the State Department of Health and Environmental 
Sciences was in September of 1973. Voiced by the city of 
Whitefish, this official complaint alleged algae, odors and 
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high bacterial counts were produced by developments at the 
ski area (DHES). 
Big Mountain Ski Area 
Skiing on Big Mountain dates back to 1937 when a group 
calling itself the Whitefish Lake Ski Club began slope and 
trail construction. Not until 1947, when Winter Sports 
Incorporated was organized, did the area develop lifts, a 
day lodge and a parking lot. The next major expansion 
occurred in 1960 with the completion of one chair lift, a 
new lodge and fifteen miles of new ski slopes and trails. 
After eight years of continuous growth, a second chair lift 
was constructed along with a fifty-four unit condominium, 
and more ski slopes. By the summer of 1973 the ski resort 
included facilities for 1840 skiers, 345 overnight guests 
and 160 privately housed guests. Included in the base area 
are five food service facilities, an 820-car parking lot, 
ski shop, ski school, lounge and bierstube, children's day 
care center, a professional ski patrol office and the Big 
Mountain administrative offices (Winter Sports) (See Figure 1) 
Big Mountain Water Use 
The Big Mountain resort and most of the private resi 
dents in the drainage use surface waters from directly above 
Figure 1. Map of Existing Buildings and Facilities at 
Big Mountain Ski Area. 
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the complex for drinking water. Simple chlorination of 
these waters has been sufficient to preserve the drinking 
quality (Nunnalee). All 27 private residents treat sewage 
by septic methods, and until 1965 Big Mountain was also 
served by a septic tank. However, after repeated failures 
of this system, the State Department of Health and Environ­
mental Sciences expressed concern, and Winter Sports provided 
an alternative proposal consisting of one biological sewage 
pond (Winter Sports). 
Soil slumping on the rather steep-sloped pond site led 
to the construction of a second pond. Then, in 1972, a 
third pond was constructed. Two ponds were aerated and 
hooked in series to the third which acted as a settling 
basin. There was no direct outflow to the ecosystem with 
this arrangement, whereas all export of waste and water was 
from evaporation and seepage through the bottom of the ponds 
(Nunnalee). In April and May of both 1973 and 1974, however, 
snow melt and surface flow infiltration necessitated a dumping 
of part of the third pond into the First Creek drainage. 
Both year's draining operations were monitored by the Depart­
ment of Health and Environmental Sciences. The last dumping 
between 8 April and 5 May of 1974 totaled 786,000 gallons 
(Kurtz). This type of septic condition has caused the 
majority of disputes with the downstream users, namely the 
city of Whitefish (DHES). Correction of this deficiency, 
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according to the Big Mountain administration would require 
transport of sewage to a point outside the First Creek 
drainage (Kurtz). 
City of Whitefish Water Use 
The city of Whitefish has used, as its major source of 
municipal water, the surface flow of First, Second and Third 
Creeks, all tributaries of Haskill Creek. Twelve inch 
conduit has been laid from Third Creek to a point above a 
screen collecting dam on Second Creek. From this collection 
point, the Second and Third Creek water is transferred via 
conduit to First Creek. This water supply is segregated 
from that water of First Creek by a junction box below the 
First Creek intake so either source of water supply can be 
regulated by quantity. The water is then pumped over a low 
saddle out of Haskill Basin and into a settling reservoir 
ready for simple treatment and use by the municipality of 
Whitefish. Approximately 1.75 miles (3080 yards) of First 
Creek separate the ski development from the city's municipal 
water collection point. 
Presently there are between 5800 (Schafer) and 6150 
residents served by the city water system, and it is estimated 
that by 1982 the population using municipal water will double 
(Turnbull 5 Plumber) to approximately 12,000. Coordinate 
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with this escalation of demand will be a projected increase 
in skiers/day from the present capacity level of 1840 to 
4670 skiers/day in 1982, a 2.5-fold increase (Winter Sports) 
in users. 
The great increases in numbers of water users around 
Whitefish, coupled with the proposed expansion of the ski 
area development with its resultant wastes, is certain to 
cause a greater demand on the surface water and, in turn, 
cause greater controversy over its use. The need for defini 
tion of the surface water quality in Haskill Creek drainage 
is evident. 
Literature Review 
While much attention has been given to the problems of 
municipal water quality, very little research has been carried 
out in the area of mountain watersheds where the municipal 
water originates. These municipal watersheds have logging 
restrictions to keep soil and vegetation disturbances at a 
minimum (FWPCA). Public access to municipal reservoirs and 
their watershed is also restricted by law, both Federal and 
state (MWPCF) (EPA). Research into a multiple use concept in 
municipal watersheds has been generally qualitative, with a 
few exceptions. In the area of recreational use, Van Nierop 
(1963) of Cornell University has defined this use as a potential 
hazard to water quality and has advocated stringent measures 
of control to prevent pollution of raw water. However, in a 
Washington study (Lee), three watersheds, all with differing 
use pressure (up to 5.7 man days/square mile}, were shown to 
have good and similar water quality. The human use involved 
had no measurable effect on the chemical water quality. 
Carswell (1969) has shown that up to 40 man days/square mile 
in the watershed of the Indianapolis, Indiana water supply 
system yielded no demonstratable deterioration in the water 
quality. He also added that concern over a slight deterior­
ating trend in water quality, esthetics and loss of control 
of utility property have forced more use decisions than has 
health hazards. "An Evaluation of Multiple Use Practices on 
Forested Municipal Catchments of the Douglas Fir Region" 
(Teller) revealed that removal of forest cover, as would 
occur in ski area development, can raise water yield by 15% 
without affecting water quality. Similar results were 
obtained on watersheds of the Fraser Experimental Forest in 
Oregon (Love). 
U.S. Forest Service experiments at Hubbard Brook, New 
Hampshire have added a great deal of understanding in the area 
of mountain ecosystems. By examining the output of water and 
nutrients in a small mountain watershed, a Cornell University 
team has developed some quantitative data on transport of 
chemical and physical components in surface water (Bormann 
1967, 1968). They found chloride, calcium, magnesium and 
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sodium were being washed out of the watersheds, and potas­
sium, ammonium, sulfate and nitrate were being held in the 
system (Bormann 1970). In one undisturbed forest, nitrate 
was accumulated at a rate of 2 kg/hectare^/year, this 
increase credited mainly to nitrogen in precipitation 
(Fisher). When a small watershed was stripped of all vege­
tation and then compared to an undisturbed watershed, stream 
flow was increased by 39% the first year and was increased 
by 28% the second year. Stream water temperatures were 
higher in the deforested watershed during both the summer and 
winter. As a result of the deforestation, hydrogen ion con­
centrations increased five-fold in the stripped watershed. 
The disturbed areas had quite variable conductivity, while 
undisturbed areas demonstrated very little daily or seasonal 
variation. Streams from the disturbed watershed revealed 
conductivity values ranging from 65 to 160 micromhos/cm^ at 
25 degrees centigrade. Ammonium was in low concentration in 
both the deforested area and the undisturbed area. However, 
nitrate concentrations were dramatically higher in the stream 
of the disturbed watershed. Sulfate in the undisturbed water­
shed, like nitrogen, showed a gradual rise in concentration 
from spring runoff to autumn. In this same period, concen­
trations of sulfate in the deforested area decreased. The 
cations calcium, magnesium, potassium and sodium were in 
^Hectare = 2.47 acres. 
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constant concentrations in the undisturbed area, despite 
variable water discharges through the study period. Under 
the same conditions, however, the disturbed area showed 
great increases in the average stream water concentrations 
o£ calcium (417%), magnesium (408%), potassium (1558%) and 
sodium (177%). Net losses to the system were greatly 
increased after deforestation for all the ions previously 
mentioned except ammonium and sulfate (Likens). 
In watersheds with human activity, the contribution of 
sodium in the water has been linked to sodium chloride in 
urine and the sodium compounds in household detergents 
(Soltero). 
Many other studies since Hubbard Brook have produced 
base line data for high mountain watersheds and also some 
relationships between the physical and chemical components 
of the surface water and the environment. Morrison and Fair 
(1966) surveyed the Cache LaPoudre River of Colorado and 
found that overland flow of water resulting from summer rain­
storms was the most important factor involved in chemical 
variables of that watershed. An immediate increase in 
chemical variables at the beginning of overland flow was 
followed by a decrease near the crest of the storm hydrograph. 
The definite effect of increased precipitation on physical 
and chemical factors, these investigators concluded, could 
only be established on a long term basis. Morrison and Fair 
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ri966) also detected an exfiltration of groundwater into 
the stream during recession stages of the storm hydrograph. 
They concluded, also, that there was no satisfactory method 
of determining the amount of groundwater contribution to 
that stream's hydrograph. In a companion study at Colorado 
State University (Kunkel and Meiman) it was shown that 
turbidity tended to be greater at lower sites on the water­
shed, and both turbidity and suspended sediment were posi 
tively correlated to flow and to each other. In addition, 
for each 1000 feet elevation, pH^ averaged .1 to .2 pH units 
higher. A major trend through time showed pH minimum values 
at or near the first peak flow of spring. Kunkel and Meiman 
rejected on-site testing for pH because of meter drift from 
temperature differences and drying electrodes. Another 
factor they cited for laboratory pH determination involved 
the risk of damage of expensive pH meters. 
In water quality surveys of Rock Creek, Montana (Streebin 
1972, 1972a), high water temperatures were related to removal 
of the vegetative canopy adjacent to the stream. The same 
trend was noted by Lantz (1971) and Brown (1971) in watershed 
experiments involving logging techniques. 
A survey of 29 watersheds in Western Oregon by Anderson 
(1954) had previously shown a relationship between increased 
^pH is defined as the negative log of the hydrogen ion con­
centration (APHA) and is used to express the intensity of acid 
and basic conditions of the water (Streebin). 
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turbidity and sediment in streams and soil disturbance from 
land uses such as roads, culverts and log storage areas. 
In a massive water quality study of Western Montana 
headwater streams, Weisel and Newell (1970) noted the remark­
able purity of the surface water in these headwater streams 
of the Clark Fork River. They also identified some common 
seasonal trends in water quality. Turbidity, one of the most 
variable components of water quality in mountain streams 
(Weisel and Newell), was greatest during the flushing of the 
first high waters. The dislodged debris and silt in the 
initial high flow provided turbidity readings not found in 
even higher flows occurring soon thereafter. The range of 
pH values in 25 headwater streams tested was from 7.4 to 8.6. 
The trend toward basic values in summer and more acidic values 
during spring runoff and storms was also observed. As runoff 
increased in the spring, total hardness and alkalinity 
decreased. Alkalinity was also found to be equal to or 
greater than total hardness with very few exceptions. Nitrates 
and sodium-potassium were found in high concentrations during 
high water with surface runoff. 
A great deal of research in Montana's high mountain 
watersheds has been concentrated in the Bozeman area, with 
particular attention directed toward that city's municipal 
water supply. By comparing a watershed open to public access 
with one closed to public access, Walter and Bottman (1967) 
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discovered that phosphate, nitrate, hardness and turbidity 
were in higher concentration in the water of the closed water­
shed. Bissonnette (1971] and Stuart (1971) provided addi­
tional support of this trend, and added that bacterial 
activity was also higher in the closed drainage. Two other 
water quality,projects, incomplete as yet, involve water 
quality of ski areas directly. Big Sky resort (Stuart 1973) 
and Bridger Bowl ski area (Stuart 1974) are being investi 
gated at present to determine base line information and to 
determine the long term effect of ski activity on the water 
quality in their respective drainages. Data compiled so far 
from Bridger Bowl (Stuart 1973) show virtually no effect from 
skier use of that drainage. 
Problems linked with sewage treatment and its effect on 
these most delicate headwater environments have not been 
investigated in any detail. The only Federal project dealing 
with this theme involved a study of three Washington ski 
areas, all three with different skier use characteristics 
(Clark). After monitoring water and waste flow of Crystal 
Mountain, Timberline Lodge and Bachelor Butte ski areas, 
Clark developed formulas for computing waste loads of ski 
area facilities that are applicable in general form to other 
ski areas. With knowledge of basic ski area statistics such 
as water fixture units, total guests per day, total employees 
and total overnight guests, one can compute the water use. 
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waste load and a number of components of the waste such as 
phosphate and biological oxygen demand (Clark). 
The U.S. Forest Service is responsible for regulation 
of ski area development and operation of Federal lands. Con­
sequently, the agency has contributed significantly to the 
field of knowledge in ski area development. Although very 
little information has been gathered by the Forest Service 
with regard to water quality, a number of closely related 
topics such as soil surveys, geologic factors and hydrology 
criteria were discussed in the 1973 National Winter Sports 
Symposium (Olsen) (Russel) (USDA 1973a, 1973b, 1973c) spon­
sored by Region 2 of the U.S. Forest Service. 
Obj ectives 
Objective 1 
After undertaking a historical review of water analysis 
carried out in the Haskill Creek Basin, it was apparent that 
there has been no determination of natural water quality in 
the upper reaches of the basin (DHES). Because of the 
increasing public pressure for the use of the First Creek 
watershed, it was of extreme importance to obtain knowledge 
concerning the nature and extent of fluctuation in chemical 
variables of this presumably high quality mountain stream 
(Morrison). Most logically, a more thorough knowledge of 
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present conditions must be obtained to understand the possible 
impact of future water use demands on the water quality of 
the drainage. Therefore, this deficiency became the first 
objective of the study. 
Objective 2 
An attempt was made to segregate the impact of the ski 
area and its subsequent development through the use of a 
control stream with similar watershed characteristics but 
with little or no development in its drainage. Conveniently 
named Second Creek, this stream was used as a guide to 
expected values for the drainage holding the Big Mountain 
complex. In this manner, an attempt was made to determine 
the impact of the ski area on water quality and to determine 
if there was high quality water being supplied by First Creek 
to the city of Whitefish. This was the second objective 
of the study. 
Chapter II 
METHODS AND MATERIALS 
To provide proper characterization of the winter water 
quality in First Creek and Second Creek, the following physi 
cal and chemical components of surface water were chosen. 
All of these are naturally present in stream water, but some 
are specific indicators of pollution. Therefore, pollutional 
type properties have been segregated from the more nonspecific 
water quality tests (Ludzak) by the following divisions: 
TESTS USED FOR NONSPECIFIC CHARACTERIZATION 
OF WATER PROPERTIES 
Physical Properties Chemical Properties Esthetic Properties 
Water temperature Hardness, Total Odor 
Conductivity Alkalinity, Total Turbidity 
pH Sodium-Potassium 
Sulfate 
TESTS USED FOR CIIARACTERIZATION OF WATER 
"POLLUTIONAL TYPE" PROPERTIES 
Specific Nutrient Tests 
Nitrogen Phosphorus 
Ammonia Total phosphate 
Nitrate Ortho-phosphate 
Nitrite 
15 
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Monitoring System 
To assess adequately the winter water quality in First 
and Second Creeks, a series of sample stations were esta­
blished on both streams. The map (Figure 2) illustrates the 
locations of these sample sites by encircled numbers. A 
written description of each station can be found in Appendix 
I. These stations were selected to depict similar elevational 
gradient and stream distance on each creek to diminish the 
variation in effects of those two variables in analysis 
(Kittrell). Figure 3 demonstrates the relationships of sites 
to stream gradient and stream distance. Care was also taken 
in site selection to insure access during the anticipated 
heavy snow and sub-zero temperatures. This factor dictated 
the sampling of two tributaries of Second Creek to obtain 
adequate samples for analysis. 
Decision Process for Sampling Season 
To assess adequately the variation in water quality 
through a period of time, streamflow must be considered 
(Kittrell). A consistent streamflow is necessary (Velz) to 
reduce a water volume variable in the results (Kittrell). 
The hydrograph of First Creek and Second Creek (Figure 4) 
shows the most consistent flow to be through the winter 
months (Delk), this a result of precipitation catchment in 
Figure 2. Haskill Creek Study Area Kith Sample Sites and Their 
Elevations Noted. 
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the form of snow, and freezing temperatures which hold that 
snow on the watershed. 
The most important factor in the decision process for 
winter sampling, however, is recreation pressure. Winter 
brings peak crowds to the study area for use of the ski 
facilities, developing ten times the human pressure that is 
received by the area in the summer months (Kurtz). Other 
sources of disturbance to the ecosystem such as road clearing, 
hill and parking lot maintenance and user's solid wastes are 
also greatly magnified in the winter period. This disturbance 
could effect components of water quality in the watershed 
(Anderson). 
In September, 1973, a preliminary survey was carried out 
to determine ranges of values for the chemical and physical 
factors of interest. From September, 1973 to December, 1973 
samples were drawn from both First Creek and Second Creek at 
monthly intervals. Sampling at biweekly intervals, interrupted 
only by weather conditions or equipment failure, continued 
from January, 1974 to the end of May, 1974. An additional 
sampling period was set up on First Creek from April 5th to 
April 11th during a sewage dumping by the ski area resulting 
from spring runoff infiltration. 
21 
Sampling and Testing Technique 
Glass sample bottles (300 ml) were used until sub-zero 
weather in January when frozen water consistenly shattered 
the bottles. After loss of one set of samples, nalgene one-
liter bottles were utilized as replacement, and worked 
satisfactorily. Samples were taken with care to exclude 
floating debris and streambed material, but in many instances 
streamflows at less than one cubic foot per second did not 
allow total submersion of the sample bottles. 
Because of expected low values in nutrient components 
sample bottles were acid washed with warm concentrated HCl, 
tap water rinsed and finally rinsed twice in distilled water. 
At the site, bottles were rinsed twice with the stream water 
as recommended by APHA (1965). 
After the preliminary sample collection in September, 
1973, it became apparent that it was difficult to carry 
testing equipment and to operate that equipment in inclement 
weather. Therefore, after taking the sample and water tem­
perature, the samples were returned to a portable laboratory 
in nearby Whitefish, Here the investigator removed 200 ml 
of sample for the analysis of conductivity, alkalinity, 
hardness, turbidity, and pH. The remaining water was frozen 
(EPA) after completion of the above testing to prevent biotic 
action in transport to the University of Montana laboratory 
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in Missoula. Preservation with mercuric chloride (MgCl), 
the standard procedure for preservation of water samples 
(APHA), was avoided here because of concern with growing 
levels of free mercury in the ecosystem. At all times 
samples were analyzed as soon as possible after removal from 
the parent source. 
Analysis for the chemical properties of total phosphate, 
ortho-phosphate, ammonia-nitrogen, nitrate-nitrogen, nitrite-
nitrogen, sulfate, sodium and potassium were completed in 
a chemistry laboratory at the University of Montana by a 
professional laboratory technician. 
Because of the characteristically high water quality of 
mountain watersheds (Weisel), low readings were anticipated 
on most variables (Wright). Thus the following low range 
analytical procedures were selected: 
Component 
Phosphate, Total 
Method Source 
Single Reagent Methods for Chemical 
Analysis of Water and 
Wastes. EPA p. 2 42. 
Phosphate, Ortho Single Reagent Methods for Chemical 
Analysis of Water and 
Wastes. EPA p. 243. 
Nitrate 
Nitrite 
Brucine (tent.) 
Nitrogen, 
Nitrite 
Standard Methods for the 
Exam. of Water and 
Wastewater APHA 461 
Methods for Chemical 
Analysis of Water and 
Wastes. EPA p. 195. 
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Component (cont.) 
Ammonia 
Sulfate 
Sodium 
Pot ass ium 
Method 
Phenohypo 
chlorite 
Source 
"Determination of Ammonia 
in Natural Waters by the 
Phenohypochlorite Method" 
Limnology and Oceanography 
Vol. 14, No. 5, 1969. 
Turbidimetric Standard Methods for the 
Exam, of Water and Waste-
Atomic 
Absorption 
Atomic 
Absorption 
water. APHA p. 334. 
Methods for Chemical 
Analysis of Water and 
Wastes. EPA p. 115. 
Methods for Chemical 
Analysis of Water and 
Wastes. EPA p. 118. 
The following components were considered to require less 
exacting results by the investigator and were consequently 
measured by less time-consuming methods: 
Component Method or Instrument 
Stream Temperature VWR 20 to 100 C thermometer 
pH, Laboratory 
Hardness, Total 
Alkalinity 
Turbidity 
Specific Conduc­
tance 
Photovolt and Corning Model 12 Research 
pH meter 
Hach Kit 
Hach Kit 
Hach Kit 
Beckman RB-3 and YSI Model 31 Conductivity 
bridge 
All determinations were 
minimum of one standard 
done in at least 
solution in each 
duplicate with a 
run. These averages 
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are found in Appendix III. To insure reliability of the 
analysis, all glassware was acid washed after each run of 
samples. Except for total hardness, total alkalinity and 
sulfate, results of chemical testing were reported in mg/1 
of the element, not the radical. Hardness and alkalinity 
were reported in ppm as CaCOj, and sulfate was reported in 
mg/1 SO4. 
Chapter III 
AREA DESCRIPTION 
Stream Description 
Both First and Second Creeks of Haskill Creek Basin 
are southfacing fourth order dendritic streams (Delk), 
eventually draining into the Whitefish river at a point two 
miles downstream of Whitefish. The investigator observed 
both streams to be typically clear of aquatic vegetation 
with stream substrates of gravel, cobbles and a few boulders.^ 
It was also noted that both streams had a fine cover of over­
hanging vegetation, with litter generally confined to fallen 
trees and draping branches. Brook trout (Salvelinus fonti-
nalis) are prevalent in the lower reaches of both streams, 
but no fish were observed by the investigator above 4400 feet 
in elevation. 
Streamflow 
Using streamflow gathered by Big Mountain officials, 
the Whitefish City Water Department and the investigator, an 
extrapolated hydrograph (Figure 4) was produced to determine 
the period of most consistent flow (Delk). The hydrograph, 
based on monthly means, demonstrated the stable flow condi­
tions normally found during winter in high mountain water-
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sheds (Morrison). Streamflow is generally 36 percent 
greater in Second Creek than in First Creek (Delk), re­
flecting a 27 percent greater surface area in the Second 
Creek drainage (Delk). Normal ranges of discharge are from 
less than one cubic foot per second to 18 cubic feet per 
s econd. 
Ski Area Water Use and Waste Flow 
Using criteria developed by the Federal Water Pollution 
Control Administration (Clark), the total water use and 
waste flow produced by The Big Mountain ski area can be 
estimated. Assuming full capacity of the ski area and its 
private homesites, the calculated maximum waste load on the 
environment of First Creek drainage would be 37,650 gallons 
per day. However, maximum capacity is seldom attained, and 
the capacity of visitors through the ski season (28 November 
through 15 April) averages 85% (Kurtz). At this rate, 32,000 
gallons of waste would be produced per day through the five-
month ski season. Over a full year of operation by Big 
Mountain, the expected capacity decreases to 40% of maximum, 
and this percentage will yield an average per day contribution 
of 15,100 gallons. This is equivalent to 5.5 million gallons 
of waste water flow per year. 
With a predicted 2.5-fold increase in skier use by 1982 
(Turnbull and Plumber), a parallel increase in waste load 
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load would mean 94,200 gallons/day of waste water could be 
added to First Creek during maximum use of the ski area. 
On a yearly basis this 2.5-fold expansion would contribute 
37,750 gallons/day of waste water to the ecosystem. There­
fore, waste loads that are presently found only at maximum 
skier use periods will be the daily norm for 1982.^ See 
Table 1. 
Geology 
Both First Creek and Second Creek are southfacing water­
sheds on the southern tip of the Whitefish Range. Bedrock 
for this range is of Precambrian origin, uplifted in post-
Cretaceous time, 60-100 million years ago (Johns). Tertiary 
deposition caused extensive valley filling from these newly 
formed mountains. Most significant of geologic events, how­
ever, occurred in following glacial periods when ice sheets 
scoured the mountain range's upper slopes and deposited 
great depths of glacial till below (Behan). Both watersheds 
involved in this study are overlain with thick glacial till 
up to 6200 feet elevation. These Pleistocene remains contain 
sandy, silty and clayey deposits with loose unconsolidated 
graveland boulders throughout (Sweeney). Above this Pleisto­
cene deposit, a thin mantle of soil covers Precambrian bed-
^This is assuming yearly average of 40% capacity in 1982. 
Table 1. Water Use and Resultant Design Waste Flow o£ the Big Mountain Ski 
Area and Its Subsequent Development. 
Present Projected for 198. 
(2.5x) 
Big Mountain Ski 
Area 
Maximum capacity 
85% capacity 
(Ski season 
average) 
40% capacity 
(yearly average) 
Water Use 
(gal/day) 
53,780 
45,700 
21,500 
Waste Flow 
(gal/day) 
37,650 
32,000 
15,100 
Water Use 
(gal/day) 
134,450 
114,250 
53,750 
Waste Flow 
(gal/day) 
94,100 
80,000 
37,750 
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rock of either the lower Piegan group or the Grinnel For­
mation. A geologic map (Figure 5) illustrates the location 
and composition of these parent rocks, some of which are 
expressed in cliffs of the area (Alt). These mixed and 
metamorphosed argillites and quartzites of Precambrian origin 
are typically very poor nutrient suppliers (Wright). An 
overlying zone of poor soil development at high altitudes 
is reflected by sparse tree growth which can be readily 
observed from the Whitefish Valley floor (Alt). 
Ground Water 
Streams of this Rocky Mountain region characteris­
tically derive one-fifth to one-third of their discharge 
from ground water (PNRBC V). However, at present there is 
no completely satisfacory method of determining with 
certainty what portion of a hydrograph is attributable to 
a ground water flow (Morrison). Because of the unconsoli­
dated and unsorted glacial till laced with clay sills and 
alluvial channels (Seago), the prediction of actual ground 
water activity is difficult and was not determined in this 
s tudy. 
Figure 5. Geologic Map o£ First and Second Creek 
Cross - section of Haskill Creek Basin 
Area and Neighboring Whitefish Lake Basin 
H o s k  H I  W h  t  t e f i s h  
Lake  Creek  
s,-
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Mining 
Only one ore deposit has been identified in the study 
area. The Micho Mine was first reported in the Whitefish 
Pilot (21 August 1908) as containing great deposits of gold, 
copper and silver ore. No ore has ever been extracted for 
processing, however, and the claims of grandeur have since 
been discounted. The workings include one adit and two pits 
carved in contorted grayish-red sercetic argillite inter-
bedded with layers of copper stained white quartzite and 
sandstone (JohnsJ. The author observed no seepage occurring 
from the present mine site. 
Soils 
The entire study area falls within a Soil Conservation 
Service mountain soils zone described as "moderately steep 
to very steep, shallow to deep, well-drained soils over 
argillite, a quartzite rock of the mountains" (SCS), Glacial 
till provides the parent material for a brown podzolic mantle 
on the majority of the study area (BehanJ. Where Precambrian 
argillites and quartzites are near the surface, always at 
high elevations, a thin and relatively infertile brown 
podzolic soil mantle has formed (Behan). This trend of pod­
zolic soils is consistent throughout the First Creek and 
Second Creek watersheds (Seago). 
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Alluvial gravels and clay sills in erratic pattern are 
typical of glacial till of Big Mountain (Barnes). With soil 
saturation resulting from storms or spring runoff, surfacing 
ground water is common. This surfacing water is found 
throughout septic tank drainfields of the subdivisions on the 
ski hill, resulting in a possible source of surface water 
pollution (Keenan). 
Vegetation and Logging 
Due to fire damage and tree harvest in the Big Mountain 
area, vegetation patterns are very difficult to identify. 
Serai species occur in a great majority of the study area as 
a result of extensive fire damage in 1910, and again in 1929 
(Behan). Climax communities can only be found in isolated 
ravines where fire had minimal effects (Behan). 
The predominant habitat type throughout the study area 
is alpine fir/beargrass (Abies lasiocarpa/Xerophyllum tenax) 
(Behan). Moisture availability in the ravine environments 
of First Creek and Second Creek provide a niche for an eastern­
most extension of Western red cedar and hemlock from the 
Pacific Coast Conifer Forest (Habeck). 
No major logging operations have occurred in the study 
area since 1950 when a clear-cut was developed between ele­
vations of 4200 feet and 4800 feet on Second Creek. A 300 
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acre selective cut, the last timber operation in the study 
area, was made in 1971-72. Both are illustrated in Figure 
6. The 25 year old clear-cut has a heavy growth of alpine 
fir with a well developed understory of various shrubs such 
as western yew, snowberry, fool's huckleberry and alnus 
(Kikkert). 
Wildlife 
Deer, moose, bear and elk frequent the 
wildlife pressure on First Creek and Second 
observed to be similar (Shumaucher). 
study area, and 
Creek has been 
Figure 6. Recent Logging Activities^ on First and Second 
Creek. , 
f  
- Vĵ  r 'A3 
ISE Clear-cut in 1950. 
Selective cut in 1971 and 1972. 
liiPl Selective cut for ski runs between 1949 and 1972. 
^Logging information courtesy of Stoltze Land and Lumber 
Company, Halfmoon MT, 
7. A 
Chapter IV 
RESULTS 
Mean values'* were computed for the chemical and physi 
cal parameters of the study. Table 2 depicts a comparison 
of means from First Creek and Second Creek through time which 
was made by averaging values from the most consistently 
sampled sites of both drainages. In this analysis, sites 1, 
4, 5, and 8 were examined from First Creek and sites 7, 12, 
11, and 9 were examined from Second Creek. A review of these 
arithmetic means showed First Creek had higher mean values 
than Second Creek in every variable averaged except water 
temperature and pH. 
More expressive of the variation in water quality is an 
examination of the range of values through the study period. 
For the sites analyzed in Table 2, only sulfate and pH show 
a wider range of values in Second Creek than in First Creek. 
A comparison of extreme values will be matched to state and 
Federal standards in the discussion section. 
For a more exacting and complete examination of water 
in First and Second Creeks, each compound and physical vari 
able will be discussed separately in the following section. 
""In finding the mean, values that were below the lower 
limit of the test method were averaged as that particular 
lower limit value, thus producing a biased mean value higher 
than the actual mean. 
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Table 2. Statistical Comparison of First Creek and Second Creek Water 
Quality. (Data from 6 sarple periods at sites 1, 4, 5, and 8 
of First Creek and sites 12, 11, 9, and 7 of Second Creek.) 
CCMPONENT STREAM RANGE MEAN ± C.I VARIANCE S.D. 
(N=24) 
Water Temp. 
(°C) 
First 
Second 
1-5 
1-5 
2.2 
2.3 
.6 
.5 
1.97 
1.5 
1.4 
1.2 
Conductivity 
(ymhos/cm2) 
First 
Second 
40-200 
50-140 
117.3 
100.4 
19.6 
12.2 
2156.6 
838.8 
46.4 
28.9 
Alkalinity 
(ppm as CaCOj) 
First 
Second 
34.2-95.9 
34.2-82.2 
58.3 
56 
8.2 
5.5 
380.8 
170.4 
19.5 
13 
Hardness, T. 
(ppm as CaC03) 
First 
Second 
34.2-85.6 
34.2-68.5 
54.9 
51.3 
7.4 
4.8 
306 
127.9 
17.5 
11.3 
Turbidity 
(JTU's) 
First 
Second 
0-5 
0-5 
1.6 
1.0 
1.0 
.8 
4.7 
3.3 
2.2 
1.8 
Phosphate, T. 
(mg/l-P) 
First 
Second 
*.01-.164 
*.01-.158 
.046 
.039 
.016 
.018 
.0015 
.0018 
.039 
.043 
Phosphate, 0. 
(mg/l-P) 
First 
Second 
*.01".05 
*.01-.044 
.011 
.01 
.005 
.004 
.0001 
.00008 
.011 
.009 
Nitrate 
(mg/l-N) 
First 
Second 
<*.1-.685 
<*.1-.32 
.15 
.14 
.070 
.058 
.019 
.02 
.136 
.004 
Nitrite 
(mg/l-N) 
First 
Second 
All <*.05 
All <*.05 NOT CCMPUTED 
Ammonia 
(mg/l-N) 
First 
Second 
L
O
 
L
O
 
C
O
 
0
0
 
o
 o
 
« 
* 
1 
t 
o
 o
 
.055 
.05 
.012 
.011 
.0007 
.0006 
.026( 
.024 
Sulfate 
(mg/l-S04) 
First 
Second 
*1-4.14 
*1-5 
2.39 
2.30 
.63 
.70 
1.80 
2.24 
1.3 
1.5 
Sodium 
(mg/l-Na) 
First 
Second 
.3-2.8 
.32-1.5 
1.16 
.834 
.35 
.19 
.56 
.16 
.748 
.397 
Potassium 
(mg/l-K) 
First 
Second 
All <*.5 
All <*.5 NOT COMPUTED 
pH"^, Lab. 
(pH units) 
First 
Second 
7.4-8.3 
7.2-8.3 
7.8 
7.8 
.36 
.31 
.022 
.065 
.15 
.25 
NOTE: Of all the components averaged, only water temperature showed 
higher mean values in First Creek. 
* Lower limit of test method. 
t Averaged using negative log value, not H"*" ion concentrations. 
36 
37 
Water Temperature 
The variation in water temperature observed for the 
winter months of 1973-1974 shows a typical range for high 
altitude streams (Morrison), Low readings of 0°C were 
recorded in January at sites 1, 2, 3, and 4. The highest 
recorded water temperatures for the study period September 
through May was 8°C in the lower reaches of the study area 
(sites 9 and 11). 
Water temperature for sites 8 and 9, the lowest sites 
on First and Second Creeks respectively, are depicted in 
Figure 7 to illustrate the similarity in their temperature 
patterns. Air temperatures are also given for climate 
reference. 
Mean water temperatures of each watershed increased as 
elevation decreased, except in the case of site 7 of Second 
Creek. This exception can be attributed to site locations 
of 12, 11 and 9 of Second Creek, all of which were located 
in uncovered sections of the stream, thus producing higher 
mean temperatures at those sites (Streebinj. 
Table 3. Mean values of water temperatures through the study 
period 18 Sept-22 May for First and Second Creeks. 
First Creek Second Creek 
Site Mean C°C) El ev. Site Mean (°C) Elev. 
1 2 . 4 5000' 12 3 . 2 4500 ' 
4 2. 9 4760 ' 7 2 . 5 4400 ' 
5 2 . 9 4520 ' 11 3 .4 4080 ' 
8 3 . 0 4040 ' 9 3 . 7 3960 ' 
Figure 7. Water Temperatures from Site 8 (First Creek) and Site 9 (Second Creek) 
with Ski Area Minimum, Maximum and 9 a.m. Air Temperatures. 
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Conduct ivity 
(Specific Conductance) 
Conductivity measurements ranged from 40 micromhos/cm^ 
to 280 micromhos/cm^. The lowest mean values, averaging 
85 micromhos/cm^, were found at site 1 of First Creek and 
site 12 of Second Creek; site 5 maintained a high average 
of 163 micromhos/cm2 through the study period. 
Of the regularly sampled sites, only site 5 had values 
of greater than 180 micromhos/cm^, this occurring 7 out of 
the 13 sample dates. Values of 200 micromhos/cm2 were 
detected in five consecutive testings from March 12 through 
April 11 at site 5. 
Table 4 depicts mean values of all regularly scheduled 
test sites, and Figure 8 graphically illustrates mean values 
of representative sites and their pattern of ion concentration 
as the water travels downstream. Site 5, located directly 
below the ski area's sewage ponds and the subdivisions, 
revealed highest concentrations of ions measured by specific 
conductance. 
pH 
Values of hydrogen ion concentrations fluctuated 
pH 7.1 at site 9 and pH 8.3 at sites 1 and 5 of First 
and 11 and 12 of Second Creek. As was recommended by 
between 
Creek 
Kunkel 
Table 4. Mean values of conductivity through the study 
period for regularly scheduled sites on First 
Creek and Second Creek. 
First Creek 
Site N Conductivity 
(mi cromihos /cm2) 
1 13 85 
4 14 104 
5 13 163 
8 14 137 
Second Creek 
Site N Conductivity 
(microinhos/cm2 ) 
12 10 85 
7 7 105 
11 11 112 
9 10 114 
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Figure 8. Mean Values of Specific Conductance 
Through the Study Period for Selected 
Sites on First ( ) Creek and Second 
( ) Creek of Haskill Creek Basin. 
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(1967) samples were not tested for pH at the site, but 
instead, were taken to a portable laboratory in Whitefish, 
Montana. 
In other studies by Kunkel (1967) mean pH showed wide 
variation throughout the year with a definite increase in 
pH with downstream distance. This pattern, however, could 
not be substantiated by the investigator in First Creek and 
Second Creek because of the limited number of samples taken 
and the restricted study period. 
Total Alkalinity and Total Hardness 
While alkalinity readings reflect the capacity of the 
water to accept protons through the presence of bicarbonate, 
carbonate and hydroxide ions, hardness represents only the 
total concentration of calcium and magnesium ions (APHA). 
Alkalinity and hardness are expressed in ppm of CaC03 for 
ease of comparison with EPA and Montana water quality criteria. 
Both alkalinity and hardness were measured in grains per 
gallon by Hach methods and then later converted to ppm for 
unity in reporting and uniformity in state and Federal 
criteria (1 grain/gallon = 17.11 ppm). 
Of the regularly sampled stations, the highest mean 
alkalinity value (74.6 ppm as CaCO^) and the highest peak 
value (95.9 ppm as CaC03) were found at site 5 of First Creek, 
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as was the case with conductivity. The lowest mean values 
were located at the upper reaches of First and Second Creeks 
at station 1 and 12 respectively. Smaller ranges were also 
found at 1 and 12. A normal pattern of "aging" (Anderson) 
as the water moved downstream is depicted in Figure 9 with 
the only exception to this rule being at site 5, located 
directly downstream of the ski area. 
Total hardness showed parallel values with alkalinity, 
and demonstrated a dramatic increase in the calcium and 
magnesium ions at site 5 of First Creek (Figure 9). A high 
mean of the regularly scheduled sites of 71.6 ppm as CaCO^ 
was found at site 5. Through use of the Hach system of 
alkalinity determination, the investigator detected no 
significant amounts of any other hardness producing metal 
i ons . 
Sodium Potassium 
Sodium cation values ranging from .2 mg/l-Na to 12 mg/ 
1-Na were found in First Creek. A slightly less variable 
range (5.6 mg/1 to .32 mg/1) was observed in Second Creek. 
Figure 10 shows the general trend of mean values as the 
water moved downstream. Noted again was the peak values 
directly downstream of the ski area development. 
Potassium cation concentrations in First and Second 
Creeks fluctuated from less than .5 to 5 mg/l-K. The 5 mg/1 
Figure 9 
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Figure 10. Mean Values of Sodium Through the Study Period 
for Selected Sites on First Creek ( ) and 
Second Creek ( ) of Haskill Creek Basin. 
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reading, taken 8 April, was the only value above .8 mg/1 
and both of these high readings were found at site 5. 
Sulfate 
Sulfate ion concentration in the waters of First and 
Second Creeks showed great variation. With values ranging 
from 9 to 12 mg/1 of SO4, First Creek stations showed the 
most variable results. Second Creek values ranged from 0 
to 5 mg/1. Site 5, on First Creek, carried the high mean 
value of all routine sampling with an average of 4 mg/l-S04. 
Downstream, at site 8, the next highest average of 3.07 mg/1 
SO^. Graphical analysis (Figure 11) reveals the pattern of 
concentrations downstream with site 5 again holding high mean 
values. 
Odor 
On testing dates May 7 and May 14 an odor of fuel oil 
was noted by the investigator in the water samples taken at 
site 5. Investigation of the ski development revealed an 
old underground fuel oil storage tank which was draining 
infiltrated water and fule oil residues into an intermittent 
tributary that skirted the ski area's parking lot. An easily 
visible oil film was observed on this tributary, but nothing 
of the like was observed in First Creek proper. After spring 
Figure 11. Mean Value of Sulfate Through the Study Period 
for Selected Sites on First Creek ( ) and 
Second Creek ( ) of Haskill Creek Basin. 
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runoff subsided, no more odorous or visual problems were 
detected. 
Turbidity 
Ninety-six percent of all the turbidity readings taken 
on First and Second Creeks were in the range of 0 to 5 JTU's.^ 
The normally limpid waters became turbid only during peak 
spring runoff periods (5 April to 7 May). Because of these 
two sets of extreme values, the arithmetic means were of 
little value. Fluctuation in high values of spring runoff 
were of more concern to the investigator. On 11 April 1974 
an intensified sample schedule on First Creek revealed an 
interesting relationship. Water that was clear (5 JTU's) at 
site 4, directly above the ski development, produced turbi 
dity readings as high as 165 JTU's (at site 4B) directly 
below the ski development. Then, at site 5, one-quarter of 
a mile downstream, a high of only 50 JTU's was recorded. 
Through this quarter-mile of stream the turbidity had de­
creased 115 JTU's. In the next stream mile to station 8, 
there was a corresponding turbidity decrease of 42 JTU's, 
bringing the water to a level of 8 JTU's. See Table 5. Each 
site shows progressively higher turbidity values through the 
day, presumably caused by the increased drainage of melting 
snow. 
^ JTU (Jackson Turbidity Units) is equivalent to Jackson 
Candle Units (JCU). 
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Table 5. Turbidity Readings (JTU'sl of 11 April 1974. 
Site 10:00 a.m. 2:00 p.m. 4:00 p.m. 
4 -- 2 5 
4B 22 -- 165 
5 2 5 3 0 5 0 
8A - - 2 8 
8 3 4 8 
The pattern of increased turbidity readings at site 4B 
and the decrease of those high readings with stream distance 
is not consistent with the normal tendencies for turbidity 
to increase downstream with increased streamflow and distance 
(Kunkel). The investigator felt the aforementioned results 
were caused by excess soil disturbance and coinciding 
snow melt temperatures at points in the resort base area. 
Nutrients 
Of particular interest and importance to this investi 
gator was the determination of nutrient components of the 
water in First and Second Creeks. Five specific pollutional 
type nutrient forms (Ludzak) were monitored to ascertain 
their range of winter values in these two streams. Results 
of total phosphate, ortho-phosphate, ammonia, nitrate and 
nitrite levels are addressed in the following section. 
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Nitrogen 
The three main forms of nitrogen in natural waters 
were examined to determine base line values for each. Mean 
values of nitrates varied from less than .1 mg/l-N at site 1 
to a high mean of .312 mg/l-N at site 5. Table 6 demon­
strates the mean, range and standard deviation of all regu­
larly tested sites. 
Ammonia data showed consistent means for regularly 
scheduled sites with all mean values falling between .046 
mg/l-N and .063 mg/l-N (See Table 7). Less than .02 mg/1 was 
recorded at site 11 for the sampling period's low reading. 
A high for the regularly sampled sites was recorded at site 
1 C.13 mg/l-N). 
Nitrite is a transitional form in the N-series and is 
commonly found in small concentrations. However, it is the 
greatest potential health problem of the three forms of 
nitrogen analyzed, being ten times as toxic as nitrate (Viets) 
Consumption by children of greater than 10 mg/1 NO2 can lead 
to a disease of the blood cells (methemoglobinemia), muscle 
tissue breakdown, and also has been implicated in cancer 
cases. No values of the study were found to exceed .05 mg/1, 
the recommended lower limit of the test method. 
Table 
Site 
1 
4 
5 
8 
Site 
12 
7 
1 1  
9 
* T r> 
Means, Ranges and Standard Deviations for Nitrate-
Nitrogen Values of Regularly Scheduled Sites on 
First and Second Creeks, Expressed in mg/1 of NO^-N. 
FIRST CREEK 
Mean 
* . 1 
* .  1  
. 31 
. 15 
Range 
<* . 1 .10 
<* . 1-.20 
< *  .  1  . 6 8  
< * -  1  . 2 6  
Standard Deviation 
. 04 
. 06 
. 21 
. 09 
Mean 
* . 1 
. 12 
* 2 
* -  1  
SECOND CREEK 
Range 
<=»= - 1- . 14 
<*.1-.32 
<*.1 .20 
<*-1 .225 
Standard Deviation 
.07 
. 10 
. 07 
. 08 
limit of test method (.1 mg/1). 
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Table 7. Means, Ranges and Standard Deviations for Ammonia-
Nitrogen Values of Regularly Scheduled Sites on 
First and Second Creek, Expressed in mg/1 of NH^-N. 
FIRST CREEK 
Site Mean Range Standard Deviation 
1 .063 .023-.13 .037 
4 .049 .02-.085 .026 
5 .056 .02-,09 .028 
8 .054 .024-.08 .024 
SECOND CREEK 
Site Mean Range Standard Deviation 
12 .053 .025-.08 .024 
7 .058 .022-.085 .032 
11 .046 <.02*-.08 .031 
9 .046 .023-.07 .019 
* Lower limit of test method. 
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Phosphate 
Phosphate determinations were divided into two sectors 
— total phosphate and ortho-phosphate to further charac­
terize the source of phosphorus contributions to the stream 
water. As representatives of the phosphate types common to 
natural and polluted waters, these two forms revealed a 
profile of the phosphorus concentrations in First and Second 
Creeks. 
Total phosphate reached its highest measured values at 
site 4 with .164 mg/l-P. The lower limit of the test method 
(.01 mg/1 P) was found at each site at some time during the 
test period. No consistent pattern of values could be 
developed through time or stream miles in First Creek and 
Second Creek. Table 8 illustrates each major site's mean, 
range, and standard deviation of total phosphate concentra­
tions . 
A comparison of all pairs of ortho- and total phosphate 
readings shows that an average of 32.4% of the total phos­
phate recorded is ortho-phosphate, the rest being acid 
hydrolizable and organic phosphate forms (EPA). The ortho-
phosphate fraction proved to be below commonly accepted 
measurable levels (.01 mg/1 P) in over 50% of the samples 
tested. Means, ranges and standard deviations of ortho-
phosphate values are illustrated in Table 9. 
Table 8. Means, Ranges and Standard Deviations of Total 
Phosphate Values for Regularly Scheduled Sites 
on First and Second Creek Through the Study 
Period, Expressed in mg/l PO^-P-
FIRST CREEK 
Site Mean Range Standard Deviation 
1 . 036 .01 .084 .028 
4 . 044 < . 01*-.164 . 049 
5 . 044 < . 01*-.09 . 034 
8 . 036 < . 01*-.042 .024 
SECOND CREEK 
Site Mean Range Standard Deviation 
12 . 045 <. 01*-.084 - 032 
7 . 023 < . 01*-.044 . 015 
11 . 049 < . 01*-.15 . 044 
9 .047 .01- .158 . 047 
Lower limit of test method. 
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Table 
Site 
1 
4 
5 
8 
Site 
12 
7 
1 1  
9 
Means, Ranges and Standard Deviations of Ortho-
Phosphate Values for Scheduled Sites on First 
and Second Creeks Through the Study Period of 
18 September - 22 May, Expressed in mg/1 PO^-P. 
FIRST CREEK 
Mean Range Standard Deviation 
.01 All <*.01 
, 016 <*.01-.05 .018 
.015 <*.01 .042 .019 
.013 <=«=.01-.04 .012 
SECOND CREEK 
Mean Range Standard Deviation 
.01 <*.01 .02 .006 
.01 All <*.01 
.012 <*.01 .042 .013 
.019 <*.01 .044 .019 
limit of test method. 
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Chapter V 
DISCUSSION AND SUMMARY 
A review of values for each physical and chemical 
variable examined has been given in the previous chapter. 
Only the components of this study which show unique trends 
or relationships will be discussed in this chapter. 
Qualification of all reported values has to be made as 
a result of the unusual weather during the sampling period. 
November produced rain twenty of its thirty days, causing 
unexpected runoff. Then, cold weather and the heaviest 
snowfall on record produced a great potential for flooding. 
Cool days and nights through March set the stage for flood-
level streamflows in April. As warm rains and sun released 
the captured moisture, washouts produced sediment yield that 
forced the city of Whitefish to close off the First and 
Second Creeks intake and reconstruct their catchment system 
(Boyd). This reconstruction included the bulldozing of a 
stream channel between site 11 and 9 on Second Creek and at 
the intake point below site 8. Although precipitation has 
been shown to have a definite effect on physical and chemical 
factors of a stream, correlations can only be made through 
exhaustive and long term comparisons (Morrison). 
The waters of First and Second Creeks of Haskill Creek 
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Basin are classified by the Montana Department of Health 
and Environmental Sciences as "A-Open-. This classi 
fication is defined to be satisfactory for: 
Water supply for drinking, culinary, and food pro­
cessing purposes suitable for use after simple dis­
infection and removal of naturally present impurities. 
Water quality shall also be maintained suitable for 
the use of these waters for bathing, swimming and 
recreation, (where these waters are used for swimming 
and other water contact sports , a higher degree of 
treatment may be required for potable water use); 
growth and propogation of salmonid fishes and associated 
aquatic life, waterfowl and furbearcrs; agricultural 
and industrial water supply. (Montana Water Pollution 
Control Council) 
In a review of the highest values of each parameter 
found in the study period 19 September 1973 to 22 May 1974 
only total phosphate was found to exceed standards held by 
the Environmental Protection Agency. This violation occurred 
in less than 5% of the samples tested and in only one 
instance at a site closest to the municipal intakes of First 
and Second Creeks. With the newly proposed "Water Quality 
Criteria For Water Supply" (EPA) in effect, all values of 
the water survey would be within Federal standards when water 
nears the municipal intakes, with the possible exception of 
turbidity. Before determining this parameter's limits, how­
ever, a natural range of values from the stream has to be 
determined. Table 10 compares state and national criteria 
with the highest values of components noted on either First 
Creek or Second Creek. Mean values of the same components 
Table  10 .  Highes t  Ro»adi r i»9S o f  the  Study Per iod  Versus  W.iCer  Oual i ty  Cr i te r ia .  
l i  Lv. j l ie r .  c  
Value  S i te  
Present  M-i ' i ;  t  , ' j r i  j  
Water  Qual i ty  
Cr i r<j r ia  (DHLS 
1971)  1  
' r e jcnt  tPA 
' . .Vi ter  
Qual i ty  
Cr i te r la -
Pre i icn t  WAS 
Wa t e r  
Qual i ty  
Cr i te r ia^  
Present  NTAC 
Water  
Qual i ty  
Cr i te r ia"  
Proposed EPA 
Water  
Qual i ty  
Cr i te r ia  for  
Water  Supply  
(73)3 
Water  Tempera ture  
C 
Conduct iv i ty  
(micromhos/cm^)  
pH* 
Tota l  Hardness  
(ppm as  CaCO^)  
Sodium 
(mg/ l -Na)  
Potass ium 
(mg/ l -K)  
Sul fa te  
Odor 
Oil  
Turbidity 
(JTO) 
Nitrate - N 
(mg/l-N) 
Ammonia - N 
(mg/l-N) 
Nitrite -  N 
(nig/l-N) 
Total Phosphate 
(P) (mg/l-P) 
Ortho Phosphate 
tP) (mg/l-P) 
2 Max.  Increase  Not  to  
2°  Max.  Decrease  Det rac t  f rom 
Pala tabi l i ty  
NL tlL 
203 @ 5  
83  @ 1 ,  5 ,  11 ,  12  No change  > .5  
7 .1  0  9  6 .5-8 .5  
5-9  
Tota l  ADcal in i ty  95 .9  ?  5  
(ppm as  CaCO^)  
85 .G i3 5 ,  6 ,  a  
12 .0  @ 5  
5  @ 5 ,  5A 
12  @ 5A 
165 @ 4B 
1 .52  @ 5A 
.194 @ 5A 
.04  @ 5  
.164 0  4  
.066 0  6  
NL 
250 mg/ l  
None to  Affec t  Absent  
Use  
— No Vis ib le  
5  JTU Increase  
From Natura l**  
,5  I t ig /J .  
mg/ l  
5-9  
NL 
250 mg/ l  
Absent  
10  mg/J .  10  mg/ l  
.1  mg/l 
6-8 .5  
250 mg/ l  
Absent 
Virtually 
Absent 
10 Big/l 
.5 mg/l .5 mg/l 
.1 mg/l 
5.0-9 .0  
NT 
NL 
250 mg/l 
Free of »ny 
Easentlally 
Absent 
No Increase 
From Natural 
Range i s  
AllCivred 
10 mg/l 
.5 mg/l 
i.O mg/l 
NL: suggests 
<.2 mg/l 
NA -- Not Applicable 
NL — No r.imit 
* Montdt iA Wator  Pol lu t ion  Contro l  Counci l  r  1971.  
^  CompAfiBon of  NTAC,  MAS,  and  Proposed EPA Numer ica l  Cr i te r ia  for  Water  Qual i ty ,  1973. 
' EPA Pro(>osod Cri ter ia  for  Water  Qual i ty ,  October  1973.  
•  6oth  h tqh  and low v i luos  a rc  dopic tod  s incc  c r i tnr ia  a r t  descr ibed  in  terms Of  rang-e .  
•• No compar ison  of turb id i ty  va lues  to  c r i te r ia  can  be  made because  the  na tura l  range  Of JTO'f t  i*  not  
known for  F i rs t  and Second Creek.  
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are well below the standards displayed in Table 9. It is 
apparent that both streams are producers of high quality 
water in the winter months. 
An examination to determine where extreme values 
occurred is shown in Table 11. From observation of the data 
in Tables 10 and 11, it is obvious that consistently higher 
values in all parameters were found directly below the ski 
area development at sites 4B, S and SB. This trend, combined 
with the graphical analysis provided in the results section 
for conductivity, alkalinity, hardness, sodium and sulfate 
denotes a degradation of water quality directly downstream of 
the ski area development. The probably causes include poor 
sewage systems, and surface runoff erosion from construction 
and maintenance of the area. Although no method of investi 
gating or defining these point sources of pollution in a 
complex system such as First Creek has yet been developed, 
the joint effect of pollution was noted. 
With data analysis using a pair-T test (Sokal), site 8 
of First Creek and site 9 of Second Creek were compared to 
determine the difference in water quality of the two streams 
just prior to entering the Whitefish city water supply. For 
comparison, upper First Creek (4) and upper Second Creek (12) 
were analyzed to determine the differences in water purity of 
the two streams at pointsabove the elevation of human develop 
ment. Then analysis of site 4, directly above the ski area. 
Table 11. Regularly Scheduled Sites 
Individual Values and Mean 
That Show Ex"'"reme 
Values. 
Component Low Value Low Mean High Value High 
Water Tempera­
ture 
1,2,3,4 1,3 1,9,11 9 
Conductivity 1 2 5 5 
pH 9 1,5,11,12 
Total Alkalinity 1 1 5 5 
Total Hardness 1,2,4,6, 
7,11,12 
1 5,6,8 5 
Sodium 8 1 5 5 
Potass ium 4,8,12 5 
Sulfate 1,2,3,4, 
9,11 
3 5 5 
Turbidity All 5 
Nitrate All 1 5 5 
Ammonia 4,5 9 ,11 5 1 
Nitrite All 5 -
Total Phosphate 7,12 7 4 2 
Ortho-Phosphate 1,4,7 7 6 9 
— Not Computed 
All — Each site had readings below the test method's 
accuracy. 
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with site 5, directly below the ski area, was carried out 
to examine any effect on the water quality components 
through this section of stream (Table 12) . Results of this 
analysis showed that of all the physical and chemical vari 
ables comparable, only water temperature, conductivity, and 
sodium were significantly different at the sites (8 and 9) 
nearest the Whitefish municipal water intakes. However, 
comparison of the upper reaches of First and Creeks (4 12) 
also reveals significant differences (t .05) in conductivity 
and sodium. Therefore, the variation in sodium and con­
ductivity at the base of First and Second Creeks (8-9) could 
be expected to have significance. Water temperature 
differences were attributed, by the investigator, to more 
light exposure of First Creek as a result of vegetation 
removal at the ski area. 
Comparison of sites 4 and 5 depicted the meaningful 
influence of the ski area and it's subsequent development, 
with significant differences in conductivity, alkalinity, 
toatl hardness, pH, turbidity, nitrate, sulfate and sodium 
(Table 12). Of the eleven variables examined, only three 
variables were shown not to be significantly different above 
and below the ski area, those being total phosphate, water 
temperature, and ammonia. 
With the degradation of water quality noted directly 
below the ski area development in First Creek, it is 
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interesting to note the recovery of these water quali"^y 
components to match the water quality of the undeveloped 
watershed of Second Creek. It appears a natural recovery 
zone is produced in the 1.75 miles between the ski area 
development and the city of Whitefish's water supply intake 
on First Creek. 
Table 12. Pair-T Comparison of 1) Lower First Creek With 
Lower Second Creek (8vs 9), 2} Upper First Creek 
With the Lower First Creek (4 vs 12), and 3) Above 
and Below the Ski Area Development (4 vs 5). 
Water Quality Component Site Comparison 
(sig. at .0 5) 
8-9 12-4 4-5 
Water temperature 
Conductivity 
Alkalinity, total 
Hardness, total 
PH 
Turbidity 
Total Phosphate 
Ammonia 
Nitrate 
Sulfate 
Sodium 
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In summary, it has been shown thac c-hcxe is Jti^raclaticn 
in the water quality o£ First Creek directly below the ski 
area. At the points of municipal intake, however, the water 
quality o£ First Creek is essentially equal to that of 
Second Creek. While there is compliance to the Federal and 
state water quality criteria in both streams, this is no 
guarantee of pure drinking water in the future. With a 2.5-
fold increase in skier use by 1982 (Turnbull and Plumber), 
pollution pressure in the First Creek drainage will increase 
proportionally. Waste loads presently expected only at times 
of peak skier use would be the daily average through the 
year in 1982. Also, soil disturbance from development 
activities would increase substantially. This extra human 
activity could cause water quality degradation at the point 
of municipal use on First Creek. 
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APPENDIX I 
Description of Sample Sites 
Site Number Creek of Haskill 
1 First Creek 
2 First Creek 
3 First Creek 
4 First Creek 
5 First Creek 
6 First Creek 
7 Second Creek 
8 First Creek 
Description 
T32N R22W Sec 35. Fire 
protection pond north 
from base of chair #1 
approx. 200 yards. 
T32N R22W Sec 36. Inter­
section of Freeway trail 
with culverted tributary 
approx 900 yards ENE of 
chalet. 
T32N R22W Sec 36. Inter­
section of Freeway trail 
with culverted tributary 
approx. 850 yards ENE of 
chalet. 
T31N R22W Sec 2. Main 
tributary of First Creek 
at head of pond located 
10 yards east of base of 
chair #1. 
T31N R22W Sec 2. At gate 
post 100 yards from 
logging road turnoff at 
subdivision S-2. 
T31N R22W Sec 1. Inter­
section of culvert with 
logging road approx. 400 
yards east of site #5. 
T31N R22W Sec 1. Main 
tributary of Second Creek 
at log storage area approx. . . 
1300 yards east on logging 
trail from site #6. 
T31N R22W Sec 12. Site 
of Whitefish city water 
guage, where First Creek 
enter Sec 12. 
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Site Number Creek of Haskill Description 
9 Second Creek 
11 Second Creek 
12 Second Creek 
4B First Creek 
5A First Creek 
SB First Creek 
8A First Creek 
Border of T31N R22W Sec 
12 and T31N R21W Sec 7. 
At intake of city water 
supply on Second Creek. 
T31N R22W Sec 12. Approx. 
1000 yards up Micho Mine 
road at point where north 
edge of Sec 12 and 
Second Creek intersect. 
T31N R21W Sec 5. At top 
of Micho Mine road (head 
of trai1}. 
T51N R22W Sec 2. Main 
tributary of First Creek 
approx. 100 yards south 
downstream of the parking 
lot culvert. 
T31N R22W Sec 2. East of 
site #5 on logging road 
approx. 500 yards. 
T31N R22W Sec 2. East of 
site #5A approx. 30 yards 
at the same elevation. 
T31N R22W Sec 1. Approx. 
500 yards south and down­
stream of site #5 on 
First Creek, equidistant 
from sites #5 and #8 
(1300 yards). 
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APPENDIX II 
Snow Depth Records Through the Season 1973-74 
180 
1 6 0  
140 
c 120 
roh-i 
•H 
100 
Jan. Feb. 
Date (1973-74) 
Dec. Mar. Sep. Nov. Apr. May Oct. 
. . . . Not recorded officially, estimated by investijjator. 
APPENDIX III 
Raw Data 
Mean Values for Individual Site Analysis 
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Table 13. Mean Values for Site 1. 
Date 
9/18/73 10/8/73 10/28/75 1/6/74 1/21/74 2/16/74 3/4/74 3/12/74 4/1/74 4/5/74 4/8/74 4/11/74 4/24/74 5/7/74 S/14/74 S/22/74 
S t r e a m  T e m p e r a t u r e  6 5  < 5  0 1 1 1 1 1 1  1 3 3 4  
(°C) 
C o n d u c t i v i t y  6 5  8 5  1 1 0  9 0  9 5  8 0  9 5  1 1 0  1 0 7  1 0 5  6 8  4 0  5 4  
( M i c r o m h o s )  
A l k a l i n i t y ,  t o t a l  6 0  6 1 . 6  6 8 . S  6 1 . 6  4 7 . 9  4 1 . 1  6 1 . 6  6 1 . 6  4 7 . 9  3 4 . 2  3 1 . 3  3 4 . 2  4 1 . 1  3 4 . 2  
( p p m  a s  C a C O j )  
p H ,  l a b o r a t o r y  7 . 9  8 . 0  8 . 1  7 . 9  7 . 8  7 . 8  7 . 5  7 . 8  7 . 7  7 . 6  7 . 4  8 . 3  
( p H  u n i t s )  
T u r b i d i t y  0 0 0 0  0 0 0  0  1 2  0  3  
( J R J ' s )  
T o t a l  P h o s p h a t e  . 0 2  . 0 2  . 0 6  . 0 8 4  . 0 8  . 0 4 4  . 0 4  . 0 2  . 0 1  < . 0 1  . 0 1 5  
( m g / l - P )  
O r t h o - P h o s p h a t e  . 0 1  . 0 1  . 0 1  . 0 1  < . 0 1  < . 0 1  < . 0 1  < . 0 1  
(mg/l-P) 
N i t r a t e - N i t r o g e n  < . l  < . l  < . l  * . l  " ^ . 1  * . l  < - 1  . 1 0  . 1 0  
( m g / l - N )  
N i t r i t e - N i t r o g e n  < . 0 5  < . 0 5  " ^ . 0 5  " ^ . 0 5  < . 0 5  ^ . 0 5  < . 0 5  < . 0 5  
[ m g / I - N )  
A m m o n i a - N i t r o g e n  . 0 8  . 1 3  . 0 7  . 0 8 2  , 0 7 3  - 0 2 3  . 0 2 5  . 0 2 5  
( m g / l - N )  
S u l f a t e  1 , 0  < 1  l - O  3 . 6  3 . 0  3 - 7 7  2 - 8 6  1 - 6 6  
( m g / l - S O ^ )  
H a r d n e s s ,  t o t a l  5 0  6 8 - 5  6 8 . 6  6 8 . B  5 1 - 3  3 4 - 2  6 8 . 5  5 1 - 3  3 4 - 2  3 4 - 2  5 1 - 3  3 1 - ?  3 4 , 2  
( p p m  a s  C a C D j )  
S o d i u m  1 . 2  1 . 1  l . Q  ; . 0  1 4  . 4 4  - 3 4  r S O  
( p p m  N a )  
P o t a s s i u m  < . 6  < . 5  * ^ . 5  - 8  * ^ - 5  " ^ - 5  < • §  
( p p m  K )  
Table 14. Mean Values for Site 2. 
S t r e a m  T e m p e r a t u r e  
CO 
C o n d u c t i v i t y  
( M i c r o m h o s )  
A l k a l i n i t y , "  t o t a l  
( p p m  a s  C a C O j )  
p H ,  l a b o r a t o r y  
( p H  u n i t s )  
T u r b i d i t y  
( J I U ' s )  
T o t a l  P h o s p h a t e  
( m g / l - P )  
O r t h o - P h o s p h a t e  
( m g / l - P )  
N i t r a t e - N i t r o g e n  
( m g / l - X )  
N i t r i t e - N i t r o g e n  
( m g / l - N )  
A m m o n i a - N i t r o g e n  
( m g / l - N )  
S u l f a t e  
( m g / l - S O ^ )  
H a r d n e s s ,  t o t a l  
( p p m  a s  C a C O j )  
S o d i u m  
( p p m  N a )  
Potassium 
(ppm K) 
9/18/73 10/8/75 10/28/75 1/6/74 1/21/74 
6 0  7 5  9 0  8 5  8 5  
7 0  5 4 . 8  5 4 . 8  4 7 . 9  4 7 . 9  
7 . 8  8 . 0  7 . 9  8 . 0  
0 0 0 0 
< . 0 1  . 0 5  . 0 8  
. 4 0  
S O  6 8 . 5  5 1 . 3  5 1 . 5  5 1 . 5  
Date 
2 / 1 6 / 7 4  3 / 4 / 7 4  5 / 1 2 / 7 4  4 / 1 / 7 4  4 / 5 / 7 4  4 / 8 / 7 4  4 / 1 1 / 7 4  4 / 2 4 / 7 4  5 / 7 / 7 4  5 / 1 4 / 7 4  5 / 2 2 / 7 4  
1 1 1  4  
8 0  8 0  8 5  6 8  
4 7 . 9  5 4 . 8  4 7 . 9  4 1 . 1  
7 . 8  8 . 0  7 . 5  7 . 9  
0 0 0 0 
. 0 8 4  . 0 8  . 0 4 4  . 0 1 5  
.01 .034 .01 <-01 
. 1 0  . 2 8  
< . 0 5  < . 0 5  *  
.08 .06 
1 . 0  < 1  
5 4 . 2  5 1 - 5  S I . 5  
1.2 2.1 '^2 
< . 5  < . 5  ^ ' 5  < . 5  
Table 15. Mean Values for Site 3. 
Date 
9/18/73 10/8/73 10/28/73 1/6/74 1/21/74 2/16/74 3/4/74 
S t r e a m  T e m p e r a t u r e  6  4  4  0  1 1 1  
CO 
C o n d u c t i v i t y  9 5  1 0 0  1 2 0  9 0  1 0 5  1 0 0  1 2 0  
( M i c r o m h o s )  
A l k a l i n i t y ,  t o t a l  S O  6 1 . 6  6 8 . 5  6 1 . 6  5 4 . 8  6 1 . 6  7 5 . 3  
( p p m  a s  C a C O j )  
p H ,  l a b o r a t o r y  7 . 8  8 . 0  7 . 9  7 . 9  7 . 7  7 . 9  
( p t i  u n i t s )  
T u r b i d i t y  0  0  0  0  0  0  
( J T U ' s )  
T o t a l  P h o s p h a t e  . 0 2  . 0 2 5  . 0 6  . 0 8 4  . 0 8  
( m g / l - P )  
O r t h o - P h o s p h a t e  - 0 1  . 0 4 2  
( m g / l - P )  
N i t r a t e - M i t r o g e n  - 2 5  < . l  < . l  
( m g / l - N )  
N i t r i t e - N i t r o g e n  - 2 5  < . 0 S  < . 0 5  
( m g / l - N )  
A m n o n i a - N i t r o g c n  
( m g / l - N )  
S u l f a t e  
(mg/l-S04) 
f l a r d n o s s ,  t o t a l  
( p p m  a s  C a C O j )  
S o d i u m  
( p p m  N a )  
Potassium 
(ppm K) 
. 0 8 5  . 0 6  
1 <1 
4 0  5 1 . 3  6 8 . 5  6 8 . 5  6 8 . 5  5 1 . 3  
. 8 1  1 . 5  
< . 5  < . 5  
3/12/74 4/1/74 4/5/74 4/8/74 4/11/74 
120 
61.6  
7 . 8  
0 
. 0 4 4  
. 01  
< . l  
< . 0 5  
. 0 6  
<1 
6 8 . 5  
. 8  
< . 5  
4 / 2 4 / 7 4  5 / 7 / 7 4  5 / 1 4 / 7 4  5 / 2 2 / 7 4  
4  
7 2  
4 7 . 9  
8 . 2  
0 
.011 
.011 
. 1  
< . 0 5  
. 0 2 3  
1.66 
4 2 . 8  
. 3 2  
< • 5  
Table 16. Mean Values for Site 4. 
Date 
9/18/73 10/8/73 10/28/73 1/6/74 1/21/74 2/16/74 3/4/74 3/12/74 4/1/74 4/S/74 4/8/74 4/11/74 4/24/74 5/7/74 5/14/74 5/22/74 
S t r e a m  T e m p e r a t u r e  8 5 5 0 1 1 1 1  2 2  2 3 4 S  
( ° C )  
C o n d u c t i v i t y  1 1 0  1 0 0  1 2 0  1 0 0  1 1 5  5 8  1 2 0  1 3 0  1 2 0  1 2 0  1 2 0  5 2  1 2 1  6 6  
p l i c r o m h o s )  
A l k a l i n i t y ,  t o t a l  7 0  7 5 . 3  6 8 . 5  6 8 . 5  6 1 . 6  3 4 . 2  7 5 . 3  6 8 . 5  6 1 , 6  6 8 . 5  4 7 . 9  4 1 . 1  3 4 . 2  4 1 . 1  3 4 , 2  
f p p m  a s  C a C O j )  
p H ,  l a b o r a t o r y  7 . 8  7 . 9  7 . 8  7 . 8  7 . 8  7 . 9  7 . 8  7 . 9  7 . 8  7 . 6  7 . 6  7 . 5  8 . 0  
( p H  u n i t s )  
T u r b i d i t y  2 2 5 0  O O O  0 3 2 5 5  6  
( J T U ' s )  
T o t a l  P h o s p h a t e  . 0 1  . 0 3  . 1 0  . 1 6 4  . 0 8  - 0 6  - 0 2  < . 0 1  . 0 2  < . 0 1  < . 0 1  , 0 3 5  
( m g / l - P )  
O r t h o - P h o s p h a t e  . 0 5  . 0 4 2  - 0 2  < - 0 1  ^ - 0 1  < ' 0 1  " - 0 1  
( m g / l - P )  
N i t r a t e - . N i t r o g o n  . 1 3  < . l  < . l  - 2  
( m g / l - N )  
<  n c  <  f i Q  < - 0 5  < . 0 5  < . 0 5  < . 0 5  < . 0 5  < . 0 5  < . 0 5  
N i t r i t e - N i t r o g c n  ^ - 0 5  < . 0 5  
( m g / l - N )  
t o i a - N i t r o g e n  . 0 8 5  . 0 6  . 0 7 8  . 0 2 4  . 0 6 3  . 0 2 2  . 0 2 0  . 0 2 5  
( m g / l - N )  
J  2  < 1  < 1  2 . 0  2 . 0  3 . 0  3 . 7 7  2 . 8 6  3 . 5 0  
S u l f a t e  
(mg/l-S04) 
H a r d n e s s ,  t o t a l  6 0  6 8 . 5  6 8 . 5  6 8 . 5  8 5 . 6  3 4 . 2  
( p p m  a s  C a C O j )  
S o d i i m  
( p p m  N a )  
Potassium 
(ppra K) 
< . 5  < - 5  
6 8 . 5  5 1 . 3  5 1 . 3  3 4 . 2  5 1 . 3  3 4 . 2  3 4 . 2  3 4 . 2  
1 . 1  1 . 1  2 . 6  1 . 1  . 5 6  . 4 4  . 3 4  
< . 5  < . 5  < . 5  < . 5  < . 5  < . 5  < . 5  
Table 17. Mean Values for Site 5. 
Date 
9/18/73 10/8/73 10/28/73 1/6/74 1/21/74 2/16/74 3/4/74 
S t r e a m  T e m p e r a t u r e  5  6  1 2  
( - C )  
C o n . k i c l i v i t y  1 4 0  1 7 5  1 8 0  1 6 0  1 9 0  
^ • l i c r o m h o s )  
A l k a l i n i t y ,  t o t a l  8 2 . 2  8 9  8 2 . 2  8 9  8 2 . 2  
( p p o i  a s  C a C O ^ )  
p H ,  l a b o r a t o r y  
( p H  u n i t s )  
T u r b i d i t y  
( J T U ' s )  
T o t a l  P h o s p h a t e  
( m g / l - P )  
O r t h o - P h o s p h a t e  
( m g / l - P )  
N i t r a t e - N i t r o g e n  
( n g / l - N )  
N i t r i t e - N i t r o g e n  
( m g / l - N )  
A r a i o n i a - N i t r o g e n  
( r , g / l - N )  
S u l f a t e  
( m g / l - S O ^ )  
I b r d n e s s ,  t o t a l  
( p p m  a s  C a C O j )  
S o d i u m  
( p p m  N a )  
Potassium 
(ppm K) 
7 . 9  8 . 0  7 . 9  8 . 2  
1 5  0  0  
, 0 2  . 0 9  . 0 8 4  . 0 9  
. 0 1  . 0 4 2  
. 6 8 5  < . l  . 5  
< . 5  < . 5  
. 0 8 5  . 0 5  
1 2 
6 8 . 5  6 8 . 5  8 5 . 6  6 8 . 5  
2 . 2  4 . 0  
< . 5  < . 5  
3/12/74 4/1/74 4/5/74 4/8/74 4/11/74 4/24/74 5/7/74 5/14/74 5/22/74 
2 0 0  2 0 0  2 0 0  2 0 3  2 0 0  8 8  1 0 0  8 0  
9 5 . 9  9 2 . 5  7 5 . 3  8 9  6 8 . 5  5 4 , 8  5 4 . 8  5 4 . 8  4 7 . 9  
7 . 8  8 . 0  7 . 9  7 . 9  7 . 9  7 . 8  7 . 6  8 . 3  
0  5  2 0  3  3 2  3  4  
. 0 8 4  . 0 6  . 0 2 5  . 0 2 3  . 0 2 2  . 0 1 7  < . 0 1  . 0 1 2  
. 01  . 02  .02  . 02  .016  < .01  < .01  . 01  
. 2 1  . 2 0  . 1 5  . 2 7 1  . 4 8 6  . 5 6  . l ' 5  . 1 7 5  
< . 5  < . 5  < . 5  < . 5  < . 5  < . 5  < . 5  < . 5  
. 0 6  . 0 9  . 0 7 8  . 0 2  . 0 7 4  . 0 3  . 0 2 3  . 0 2 3  
4 . 0  4 . 0  4 . 0  4 . 0  9 . 0  4 . 7  2 . 9  3 . 5  
8 5 . 6  8 5 , 6  5 1 . 3  8 5 . 6  6 8 . 5  6 8 . 5  5 1 . 3  5 1 . 3  5 1 . 3  
2 , 2  2.7 2 . 8  1 2 . 0  2 . 6  , 5 5  . 3 4  . 4 0  
< . 5  . 8  < . 5  5 . 0  . 8  < . 5  < . 5  < . 5  
Table 18. Mean Values for Site 6. 
9/18/73 10/8/73 10/28/73 1/6/74 1/21/74 
S t r e a m  T e m p e r a t u r e  6  4  5  2  
( ° C )  
C o n d u c t i v i t y  1 0 0  1 1 0  1 2 0  1 1 5  
p ' l i c r o m h o s )  
A l k a l i n i t y ,  t o t a l  7 0  8 2 . 2  6 8 . 5  5 4 . 8  
( p p m  a s  C a O O j )  ^  
p H ,  l a b o r a t o r y  7 . 8  8 . 0  7 . 8  
C p H  u n i t s )  
T u r b i d i t y  2  0  3  
( J I U ' s )  
T o t a l  P h o s p h a t e  - 0 3 0  . 0 7  
( m g / l - P )  
O r t h o - P h o s p h a t e  
( m g / l - P )  
N i t r a t e - N i t r o g e n  • 1 ' '  
( m g / l - N )  
N i t r i t e - N i t r o g e n  
( m g / l - N )  
A m m o n i a - N i t v o g o n  
( m g / l - N )  
Sulfate 
(nig/l-S04) 
Hardness, total 
(ppm as CaCOj) 
SodiuH) 
(ppm Nil) 
Potassium 
(ppni K) 
6 0  8 5 . 6  6 8 . 5  6 8 . 5  
Date 
2/16/74 3/4/74 3/12/74 4/1/74 4/5/74 4/8/74 4/11/74 4/24/74 5/7/74 5/14/74 5/22/74 
2  1  2  4  3  4  
1 1 0  1 2 5  1 2 0  7 4  9 0  
6 1 . 6  7 5 . 3  5 4 . 8  4 7 . 9  6 1 . 6  5 4 . 8  
7 . 7  7 . 7  7 . 7  7 . 5  8 . 0  
0 0 0 2 0 
. 0 8 4  . 0 6  . 0 2  . 0 1  . 0 3 5  
. 0 1  . 0 6 6  < . 0 1  < . 0 1  < . 0 1  
< . l  < . l  < . l  . 1 2 5  . 1 5  
< , 0 5  < . 0 5  < . 0 5  < . 0 5  < , 0 5  
. 0 8 5  . 0 7  . 0 7  . 0 2 5  . 0 2 5  
l . O  1 . 0  3 , 0  4 . 2 8  3 . 3 3  
S I . 3  6 8 . f i  3 4 - 2  6 1 . 3  S I . 3  6 1 . 3  
l . P  I  1 , 3  . < 1 8  . 3 3  
< . 5  < . 6  < . 6  < - 6  < - 5  
Table 19. Mean Values for Site 7. 
Date 
9/18/73 10/3/73 10/28/73 1/6/74 1/21/74 2/16/74 5/4/74 
S t r e a m  T e m p e r a t u r e  
( • C )  
C o n d u c t i v i t y  1 1 0  1 1 0  1 1 0  
( M i c r o m h o s )  
A l k a l i n i t y ,  t o t a l  7 5 . 3  6 1 . 6  6 8 . 5  
( p p m  a s  C a C O j )  
p H ,  l a b o r a t o r y  7 . 8  7 . 9  7 . 8  
( p H  u n i t s )  
T u r b i d i t y  0  0  
( J T U ' s )  
T o t a l  P h o s p h a t e  - 0 3 5  . 0 2  . 0 1  
( m g / l - P )  
O r t h o - P h o s p h a t e  - O l  
( m g / l - P )  
N i t r a t e - N i t r o g e n  - 3 2  . 1  
( t n g / l - N )  
N i t r i t e - N i t r o g e n  
( m g / l - N )  
A m m o n i a - N i t r o g e n  
( m g / l - N )  
S u l f a t e  ^  
( m g / l - S O ^ )  
H a r d n e s s ,  t o t a l  
( p p m  a s  C a C O j )  
S o d i u m  
( p p m  N a )  
P o t a s s i u m  
( p p m  K )  
6 8 . 5  6 8 . 5  5 1 . 3  
1.0 
<.5  
3/12/74 4/1/74 4/5/74 4/8/74 4/11/74 4/24/74 S/7/74 S/14/74 5/2Z/74 
1  2  3  4  4  
1 2 3  1 2 0  9 0  7 5  
6 8 . 5  5 4 . 8  4 7 . 9  6 1 . 6  4 7 . 9  
7 . 5  7 . 7  7 . 6  8 . 1  
0 0 2 2 
. 0 4 4  . 0 2  < - 0 1  - 0 3  
.01 <.01 <-01 -01 
<.l <.l -l 
< . 0 5  < . 0 5  < - 0 5  < - 0 5  
. 0 8  . 0 7 8  . 0 2 2  . 0 2 5  
1 3  3  2 . 5  
6 8 . 5  3 4 . 2  S I . 3  5 1 . 3  5 1 . 3  
1 . 1  1 . 0  . 5 2  . 4 8  
< . 5  < . 5  " ^ - 5  
Table 20. Mean Values for Site 8. 
Date 
9/18/75 10/8/73 10/28/73 1/6/74 1/21/74 2/16/74 3/4/74 3/12/74 4/1/74 4/5/74 4/8/74 4/11/74 4/24/74 5/7/74 5/14/74 5/22/74 
S t r e a m  T e m p e r a t u r e  7 4 5  2 1  1 1 2 2  2 3 4 5  
CO 
C o n d u c t i v i t y  8 0  1 4 5  1 4 0  1 4 0  1 5 0  1 7 0  1 7 0  1 6 5  1 7 0  1 7 7  1 6 0  8 3  6 4  1 0 8  
( M i c r o m h o s )  
A l k a l i n i t y ,  t o t a l  7 0  8 2 . 2  8 2 . 2  6 8 . 5  8 2 . 2  8 2 . 2  8 4 . 5  8 2 . 2  6 1 . 6  8 9  6 1 . 6  5 4 . 8  5 4 . 8  6 1 . 6  5 4 . 8  
( p p f f l  a s  C a C W j )  
p i i ,  l a b o r a t o r y  7 . 8  7 . 9  8 . 0  7 . 9  8 . 0  7 . 6  7 . 8  7 . 9  7 . 8  7 . 8  7 . 8  7 . 6  8 . 0  
( p H  u n i t s )  
T u r b i d i t y  3 0 8  O O O  0 5 3  3 0  2  4  
( J l U ' s )  
T o t a l  P h o s p h a t e  . 0 2  . 0 3  . 0 4  . 0 5  . 0 9  . 0 5  . 0 4  . 0 2 3  < . 0 1  . 0 1  . 0 6 5  . 0 2  . 0 2  
( m g / l - P )  
0 0  O r t h o - P h o s p h a t e  . 0 2  . 0 4 2  . 0 1  . 0 1  < . 0 1  < . 0 1  < . 0 1  . 0 1 8  < . 0 1  < . 0 1  
C m g / l - P )  
N i t r a t e - N i t r o g e n  . 1 7  < . l  . 1 8  . 1 8  < . l  < . l  < . l  . 2 6 4  . 2 6  . 2 0  . 2 0  
( m g / l - N )  
N i t r i t e - N i t r o g e n  < . 0 5  < . 0 5  < . 0 5  < . 0 5  < . 0 5  < . 0 5  < . 0 5  < . 0 5  < . 0 5  < . 0 5  < . 0 5  
( m g / l - N )  
A j m n o n i a - N i t r o g e n  . 0 7 3  . 0 3 2  . 0 6 8  . 0 2 4  . 0 2 5  . 0 2 5  
( m g h - N )  
S u l f a t e  1  < 1  2 . 9  4  4  4  6 . 6  4 , 1 4  3 . 6 6  
( m g / l - S O ^ )  
6 0  8 5 . 6  68.5 5 1 . 3  5 1 . 3  8 5 , 6  8 5 . 6  5 1 . 3  6 8 . 5  £ 1 . 3  5 1 . 3  5 1 , 3  S I .3 S J.3 llnrdnoss, total 
(ppni as CaCOj) 
Sodium 
(ppm N4) 
Potassium 
(ppni K) 
l . B  2 , 6  2 , 0  1 . 1  1 , 6  5 , 6  2 , 5  , 2 0  . 6 4  . 7 2  
< , 5  < , 5  < . 5  < . 5  < . 5  < , 5  < . S  < . 5  < , 5  < . 5  
Table 21. Mean Values for Site 9. 
Date 
9/18/73 lQ/8/73 10/28/73 1/6/74 1/21/74 2/16/74 3/4/74 
S t r e a m  T e m p e r a t u r e  8  5  6  2  2  2  
( ° C )  
C o n d u c t i v i t y  9 5  1 3 0  1 2 5  1 1 5  1 2 0  1 4 0  
( M i c r o m h o s )  
A l k a l i n i t y ,  t o t a l  8 0  8 2 . 2  8 2 . 2  6 8 . 5  8 2 . 2  7 5 . 3  
( p p m  a s  C a C O j )  
p H ,  l a b o r a t o r y  7 . 9  7 . 8  7 . 8  7 . 9  7 . 9  
( p H  u n i t s )  
T u r b i d i t y  1 0  4  0  0  
( J T U ' s )  
T o t a l  P h o s p h a t e  - 1 5 8  . 0 8  
( m g / l - P )  
O r t h o - P h o s p h a t e  
( n y / l - P )  
N i t r a t e - N i t r o g e n  
( m g / l - N )  
. N i t r i t e - N i t r o g e n  
( m g / l - N )  
A m m o n i a - N i t r o g e n  
( m g / l - N )  
S u l f a t e  
( m g / l - S O ^ )  
H a r d n e s s ,  t o t a l  
( p p m  a s  C a C O j )  
S o d i u m  
( p p m  N a )  
Potassium 
(ppm K) 
. 0 4 4  . 0 4 2  
. 1 7  < . l  < . l  
< . 0 5  < . 0 5  
. 0 5  . 0 5  
1 <1 
7 0  6 8 . 5  6 8 . 5  5 1 . 3  5 1 . 3  
. 9 1  1 . 2  
< . S  < . 5  
3/12/74 4/1/74 4/5/74 4/8/74 4/11/74 4/24/74 S/7/74 5/14/74 5/22/74 
2  2  3  4  5  
1 4 0  1 4 0  5 7  8 2  
7 5 . 3  6 1 . 6  4 7 . 9  6 1 . 6  4 7 . 9  
7 . 7  7 . 9  7 . 1  8 . 1  
0  0  1 5  
. 0 4 4  . 0 2  . 0 1  . 0 1  
.01 <.01 <.01 <.01 
< . l  < . l  . 2 7 5  . 1  
< . 0 5  < . 0 5  < . 0 5  < . 0 5  
. 0 6  . 0 7  . 0 2 3  . 025  
< 1  3 . 0  5 , 0  1 . 8 3  
6 8 . 5  5 1 . 3  5 1 . 3  5 1 . 3  5 1 . 3  
1 . 5  1 . 0  . 4 4  . 3 5  
< . 5  < . 5  < .5  < . 5  
Table 22. Mean Values for Site 11. 
Pate 
9/13/73 10/8/73 10/28/73 1/6/74 1/21/74 2/16/74 3/4/74 
S t r e a m  T e m p e r a t u r e  8  5  6  2  1  
( ° C )  
C o n d u c t i v i t y  7 5  1 3 0  1 0 5  1 0 5  1 2 0  1 3 0  
O l i c r o m h o s )  
A l k a l i n i t y ,  t o t a l  7 5 . 3  6 8 . 5  5 4 . 8  6 8 . 5  6 8 . S  
( p p m  a s  C a C O j )  
p H ,  l a b o r a t o r y  8 , 3  7 . 9  7 . 8  7 . 9  
( p H  u n i t s )  
T u r b i d i t y  1 0  1  0  0  
(jnj' s )  
T o t a l  P h o s p h a t e  
( m g / l - P )  
C D  O r t h o - P h o s p h a t e  
( m g / l - P )  
N i t r a t e - N i t r o g e n  
( m g / l - N )  
N i t r i t e - N i t r o g e n  
( m g / l - N )  
A m i n o n i a - N i t r o g c n  
( n g / l - N )  
S u l f a t e  
( m g / l - S O ^ )  
H a r d n e s s ,  t o t a l  
( p p m  a s  C a C O j )  
S o d i u m  
( p p m  N a )  
Potassiun 
(ppra K) 
. 0 4  . 0 4  . 0 6  . 1 5  . 0 9  
. 0 1  . 0 4 2  
< . l  < . l  
< . 0 5  < . 0 5  
.08 <,02 
1 < 1 
7 0  6 8 , 5  6 8 . 5  6 8 . 5  5 1 . 3  
1 . 1  1 . 1  
< . 5  < . 5  
3/12/74 4/1/74 4/5/74 4/8/74 4/11/74 4/24/74 5/7/74 5/14/74 5/22/74 
1  2  2  3  3  4  
1 4 0  1 4 0  1 4 0  6 5  8 5  
7 5 . 3  6 8 . 5  4 7 . 9  4 7 . 9  5 4 . 8  5 4 . 8  
7 . 8  7 . 9  7 . 8  7 . 2  7 . 9  
0  0  1 5  
. 0 4 4  . 0 4  < . 0 1  . 0 1  . 0 1  
. 0 1  . 0 1  < . 0 1  < . 0 1  < . 0 1  
< . l  < . l  < . l  . 2  . 1 5  
< • 0 5  < . 0 5  < . 0 5  < . 0 5  < . 0 5  
. 0 6  . 0 7  . 0 7  . 0 2 4  . 0 2 1  
< 1  4 . 3  3 . 0  4 . 3  3 . 3  
6 8 . 5  6 8 . 5  3 4 . 2  5 1 . 3  5 1 . 3  5 1 . 3  
1 . 0  1 . 0  1 . 2  . 3 6  . 3 4  
< . 5  < . 5  < . 5  < . 5  < . 5  
Table 23. Mean Values for Site 12. 
9/18/73 10/8/73 10/28/73 1/6/74 1/21/74 
S t r e a m  T e m p e r a t u r e  6  4  5  1  
( ° C )  
C o n d u c t i v i t y  6 0  1 1 0  1 0 5  8 5  
( M i c r o m h o s )  
A l k a l i n i t y ,  t o t a l  7 0  6 8 . 5  6 8 . 5  4 1 . 1  
( p p m  a s  C a C O j )  
p H ,  l a b o r a t o r y  7 . 9  8 . 3  7 . 8  
( p H  u n i t s )  
T u r b i d i t y  0  0  0  
( J T U ' s )  
T o t a l  P h o s p h a t e  . 0 7  . 0 3  . 0 8  
( m g / I - P )  
0 0  O r t h o - P h o s p h a t e  
( m g / l - P )  
N i t r a t e - N i t r o g e n  • 1 ' '  
( i t i g / l - N )  
N i t r i t e - N i t r o g e n  
( m g / l - N )  
A m m o n i a - N i t r o g e n  
( m g / l - N )  
S u l f a t e  
(>ng/l-S04) 
J J .Tnl/icss, t o t . l l  
( p p m  a s  C a C O j )  
Sodium 
(ppmN'a) 
Potassium 
(ppm K) 
6 0  6 8 . 5  6 8 . 5  5 1 . 3  
Date 
2 / 1 6 / 7 4  3 / 4 / 7 4  3 / 1 2 / 7 4  4 / 1 / 7 4  4 / 5 / 7 4  4 / 8 / 7 4  4 / 1 1 / 7 4  4 / 2 4 / 7 4  5 / 7 / 7 4  5 / 1 4 / 7 4  5 / 2 2 / 7 4  
1  1  2 . 5  2 . 5  4  4  4  
5 0  1 1 5  1 0 7  1 0 5  5 5  6 3  
3 4 . 2  6 1 . 6  5 4 . 8  3 4 . 2  4 7 . 9  4 7 . 9  4 4 . 5  
7 . 8  7 . 7  7 . 7  7 . 7  7 . 2  8 . 3  
0 0 0 0 5 
. 0 8 4  . 0 6 6  . 0 5  < . 0 1  . 0 1  . 0 1  
. 0 1  . 0 2  . 0 1  < . 0 1  < . 0 1  < . 0 1  
< . i  . 1 4  < . i  < . i  - i n -  . 2 0  
< , 0 5  < . 0 5  < . 0 5  < . 0 5  < - 0 5  < - 0 5  
. 0 5  . 0 7  . 0 8  . 0 7  . 0 2 5  . 0 2 5  
< 1  1 . 0  2 . 0  3 . 0  3 . 5 7  4 . 8 3  
3 4 . 2  5 1 . 3  5 1 . 3  3 4 . 2  5 1 . 3  5 1 . 3  3 4 . 2  
1 . 5  1 . 2  . 8  1 . 0  . 3 2  . 3 7  
< . 5  < . 5  < . 5  < . 5  < . 5  < . 5  
Table 24. Mean Values for Site 4B. 
Stream Temperature 
f°C) 
Conductivity 
(Micromhos) 
Alkalinity, total 
(ppm as CaCO^) 
pH, laboratory 
(pH units) 
Turbidity 
(JTU's) 
Total Phosphate 
(mg/l-P) 
Ortho-Phosphate 
Cmg/l-P) 
Nitrate-Nitrogen 
(mg/l-N) 
Nitrite-Nitrogen 
(mg/l-N) 
Ammonia-Nitrogen 
(mg/l-N) 
Sulfate 
(mg/l-S04) 
Hardness, total 
(ppm as CaC03) 
Sodium 
(ppm Na) 
Potassium 
(ppm K) 
* 10 a.m./4 p.m. 
Date 
4/8/74 4/11/74* 4/24/74 
2 2 
135 120/123 68 
75.3 54.8/54.8 41.1 
7.8 7.8/7.7 7.6 
28 22/165 15 
.045 .02/.015 .045 
.02 <.01/.013 .02 
<.l .111/.36 <.l 
<.05 <.05/<.05 <.05 
<.02 .074/.57 .025 
2.0 3.0/2.0 4.7 
68.5 34.2/34.2 51.3 
3.2 1.2/1.4 ,78 
1.2 <.5/1.6 <.5 
85 
Table 25. Mean Values for Site 5A. 
Stream Temperature 
(°C) 
Conductivity 
(Micromhos) 
Alkalinity, total 
(ppm as CaC03} 
pH, laboratory 
(pH units) 
Turbidity 
(JTU's) 
Total Phosphate 
(mg/l-P) 
Ortho-Phosphate 
(mg/l-P) 
Nitrate-Nitrogen 
(mg/l-N) 
Nitrite-Nitrogen 
(mg/l-N) 
Ammonia-Nitrogen 
(mg/l-N) 
Sulfate 
(mg/l-S04) 
Hardness, total 
(ppm as CaC03) 
Sodium 
(ppm Na) 
Potassium 
(ppm K) 
* 10 a.m,/2 p.m./4 p.m. 
Date 
4/8/74 4/11/74^^ 4/24/74 
2 3 
280 230/200/218 169 
95.8 68.5/68.5/61.6 68.5 
7.9 7.9/7.9/7.8 7.7 
2 3/5/5 0 
.02 .042/.035/.045 .015 
<.01 .01/.016/.02 <.01 
.866 .388/.25/.25 1.52 
<.05 <.05/<.05 /<.05 <.05 
.024 .068/.097/.194 .02 
11.0 10.0/8.0/12.0 5.66 
85.6 68.5/68.5/68.5 68.5 
10.5 10/7.2/10 2.2 
3.3 2.0/4.0/1.6 .8 
86 
Table 26. Mean Values for Site 8A. 
Stream Temperature 
f°C) 
Conductivity 
(Micromhos) 
Alkalinity, total 
(ppm as CaC03) 
pH, laboratory 
(pH units) 
Turbidity 
(JTU's) 
Total Phosphate 
fmg/l-P) 
Ortho-Phosphate 
Cmg/l-P) 
Nitrate-Nitrogen 
(mg/l-N) 
Nitrite-Niteogen 
(mg/l-N) 
Ammonia-Nitrogen 
Cmg/l-N) 
Sulfate 
(mg/l-S04) 
Hardness, total 
(ppm as CaC03) 
Sodium 
(ppm Na) 
Potassium 
(ppm K) 
Date 
4/8/74 4/11/74 4/24/74 
2 
160 170 86 
61.6 54.8 54.8 
7.9 7.8 7.8 
2 8 28 
.015 .012 .011 
<.01 <.01 .015 
.111 .388 .36 
<.05 <.05 <.05 
.068 .04 .024 
7.0 6.0 2.8 
51.3 34.2 51.3 
2.6 2.6 .32 
<. 5 < . 5 <. 5 
87 
